Background: A study was conducted to investigate changes in oxidative stress indicators of West African dwarf (WAD) goats at different reproductive stages. There are a total of 35 dry does, 30 gravid does at first trimester (40-45 days post-mating), 33 gravid does at second trimester (85-90 days post-mating), 31 gravid does at third trimester (135-140 days post-mating), and 40 postpartum does (30-35 days postpartum). Fastened blood samples were collected from all tagged animals and serum obtained. Serum was assayed for lipid peroxidation, total antioxidant activity, glutathione peroxidase, catalase and superoxide dismutase, serum biochemical, glucose, total protein, albumin, cholesterol, triglyceride, high-density lipoprotein, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, urea, and creatinine using standard procedures. Results: Result revealed that intense metabolic changes were associated with late prepartum and postpartum does as pronounced in oxidative and biochemical indicators of WAD does. Significant differences were found in serum biochemical indices across the different physiological stages of the doe except for triglyceride and low-density lipoprotein. Antioxidant defense is higher at early and mid-gestation and dry does, through low lipid peroxidation and high antioxidant activity as compared to late gestation and lactation does.
Background
The West African dwarf (WAD) goats are found in the region south of latitude 14°N across West Africa in the coastal area, which is humid and favors high prevalence of diseases. West African dwarf goats are found in the ecozone infested with tsetse fly, thrive well, and contribute in part to the meat requirement in this region (Adeloye 1998) . The harsh environmental conditions of the tropics in which the animals are exposed to are further aggravated by the seasonal fluctuations in quantity and quality of most of the feed resources which they depend on, may aggravate, or have negative consequences on the overall well-being of the animal .
Oxidative stress is a budding field of research in ruminant medicine and has been implicated in numerous diseases including sepsis, mastitis, acidosis, ketosis, enteritis, pneumonia, and respiratory and joint diseases. Compared to human medicine, only a limited number of physiological status have been investigated with regard to the effects of oxidative stress in ruminants (Celi 2011a) . Jack et al. (2016) suggested the relevance of periodic assessment of oxidative status in ruminants for healthier management and supplementation of antioxidants as supportive treatment of diseases such as peste des petits ruminants (PPR). Ihejirika et al. (2017) reported emphasis should be on antioxidant activity of does with different physiological stages, so as to improve productivity. Some production function that has high physiological demand includes pregnancy, and lactation has reported to lead to oxidative stress in animals and human. Increased free radical production arises from increased metabolic activity, negative energy balance and ketone body formation, reduction of antioxidant reserve, exhaustion of the antioxidant defense system, metabolic acidosis during pregnancy, and physiologic adaptation of pregnant animals to lactation (Al-Qudah 2011) . The ovary has long been recognized as a site of ascorbic acid accumulation, which is probably due to the high rates of tissue remodeling and collagen synthesis that is required for follicular growth, for repair of the ovulated follicle, and for corpus luteum development and steroidogenesis (Luck et al. 1995) . It has been hypothesized that antioxidants and oxidative stress may influence the timing and maintenance of a viable pregnancy as threshold levels of female oxidative stress exist, depending on anatomic location and stage of preconception (Ruder et al. 2008) . Also, notable is the cellular origin of oxygen radicals in corpora lutea from resident and infiltrated leukocytes may lead to the risk of ovarian pathology which may be exacerbated under the condition of reduced antioxidant status (Behrman et al. 2001) .
In spite of the harsh environment coupled with fluctuations in quality and quantity of feed resources, West African dwarf goats are important to meet the animal protein demand of the region. It is important to establish appropriate physiological baseline values for WAD does at different physiological stages which could be used in the realistic evaluation of the management practice, nutrition, and diagnosis of the prevailing health condition. There are few reports on the oxidative status of West African dwarf goats, amidst calls for research focus on the establishment of a reference panel of the biomarker of oxidative stress to be used in ruminant medicine (Celi 2011b ). This study aims to document the baseline range of oxidative stress markers and requirements for antioxidant defense at different physiological stages of West African dwarf does.
Material and methods

Experimental site and animal management
The study was conducted on a livestock farm located in Ikere Ekiti, southwest Nigeria. The study spanned from April to September 2017. There were a total of 169 healthy West African dwarf ewes, 2-4 years old, and with an average body weight (15.34 ± 4.92) and body condition between 2.5 and 3.5. Body condition score (BCS), usually a visual assessment of the amount of fat and muscle covering the bones of a goat, evaluates fatness or thinness according to a 5-point scale, where BCS 1-very thin, BCS 2-thin, BCS 3-good condition, BCS 4-fat, and BCS 5-obese (Ockert 2015) . The selected does were tagged on their right ear for easy recognition among the whole flock (237 does). The research was approved by the institution's research ethics committee for care and use of animals for research. The does were managed in a semi-intensive system, which employed batch mating (estrus synchronization and artificial insemination), and non-return to estrus was used to confirm conception. Information from farm breeding record was utilized to categorize the physiological state of the does. The treatments consist of 35 dry does, 30 gravid does in the first trimester (40-45 days post-mating), 33 gravid does in the second trimester (85-90 days postmating), 31 gravid does in the third trimester (135-140 days post-mating), and 40 postpartum does (30-35 days postpartum). Goats were allowed to graze on natural pasture from 07:30 to 17:30 and kept in pens from 17:30 to 07:30 during the trial. Freshwater was available ad libitum. Concentrate supplement was offered in the pen; it had 12.6% crude protein, 10.0% crude fiber, and 3202 kcal/kg of digestible energy. Kids were not weaned, and goats were not milked throughout the lactation period. The management of the goat did not change during the experimental period.
Sample collection and analysis
Fastened blood samples were collected from all tagged does once between 07:00 and 08:00 in their pens. The blood samples were taken from Vena jugularis between July and August when the climate conditions are not supposed to increase the production of reactive oxygen species because of heat stress (Jimoh 2016 and Jimoh and Ewuola 2018) . Blood sampling was done across all breeding stages at each sampling date by randomly selecting animals, and tags of sampled animals were recorded to prevent repeated sampling. The samples were taken into 10 mL plain tubes and were centrifuged for 10 min at 3000 rpm. Serum samples were kept at − 20°C until the analysis which were carried out in batches within 7 days.
Estimation of serum biochemical and oxidative stress indicators
Serum biochemical, glucose, total protein, albumin, cholesterol, triglyceride, high-density lipoprotein, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase, urea, and creatinine were carried out using Randox kits and its procedures. Serum was assayed for lipid peroxidation, glutathione peroxidase, catalase, superoxide dismutase, and total antioxidant which were carried out as outlined by Jimoh (2019) .
Determination of serum total antioxidant capacity was carried out according to Korecevic et al. (2001) . The reactive mixture contained 0.5 mL of Na-Benzoate (10 mmol/L), 0.2 mL of H 2 O 2 (10 mmol/L), 0.49 mL of phosphate buffer (100 mmol/L, pH = 7.4) (prepared by mixing 19.5 mL of KH 2 PO 4 (100 mmol/L) with 80.5 mL of Na 2 HPO 4 (100 mmol/L), then adjusted the pH to 7.4), and 0.2 mL of Fe-EDTA complex (2 mmol/L) (this was freshly prepared by mixing equal volumes of EDTA (2 mmol/L) and ammonium ferrous sulfate (2 mmol/L) and left to stand at 25°C for 60 min). Ten microliters of the serum was added to the latter reactive mixture and was incubated at 37°C for 60 min. Finally, 1 mL glacial acetic acid (20 mmol/L) and 1 mL thiobarbituric acid (0.8% w/v in 100 mL of 50 mmol/L NaOH) were added, and the absorbance at 532 nm was measured spectrophotometrically after incubation at 100°C for 10 min. Total antioxidant capacity was calculated according to the following formula:
Superoxide dismutase (SOD) activity was estimated by the method of Soon and Tan (2002) by adding 2.1 mL of 50 mM buffer, 0.02 mL of enzyme source, and 0.86 mL of distilled water. The reaction is initiated with 0.02 mL of 10 mM pyrogallol and change in absorbance monitored at 420 nm. One unit of SOD is defined as the amount of enzyme required to inhibit the auto-oxidation of pyrogallol by 50% in a standard assay system of 3 mL. The specific activity is expressed as units/min/mg protein.
Glutathione peroxidase activity (GPx) was estimated as described by Rotruck et al. (1973) , by adding 0.5 mL 0.4 M buffer (pH 7.0), 0.2 mL enzyme source, 0.2 mL 2 mM GSH, and 0.1 mL 0.2 mM H 2 O 2 , and incubated at room temperature for 10 min along with a control tube containing all reagents except enzyme source. The reaction was arrested by adding 0.5 mL of 10% TCA and centrifuged at 4000 rpm for 5 min, and the GSH content in 0.5 mL of supernatant was estimated. The activity was expressed as microgram of GSH consumed/min/mg protein.
Catalase activity assay system contains 1.9 mL 0.05 M buffer (pH 7.0) and 1.0 mL 0.059 M H 2 O 2 . The reaction is initiated by addition of 0.1 mL enzyme source. The decrease in absorbance is monitored at 1 min interval for 5 min at 240 nm, and activity is expressed as nanomoles of H 2 O 2 decomposed/min/mg protein, estimated by Beers and Sizer (1952) method.
Serum lipid peroxidation was determined according to Ohkawa et al. (1979) ; the reaction mixture in a total volume of 3.0 mL contained 1.0 mL serum and 1.0 mL of TCA (0.67%). All the test tubes were placed in a boiling water bath for a period of 45 min. The tubes were shifted to the ice bath and then centrifuged at 2500 rpm for 10 min. The amount of malondialdehyde (MDA) formed in each of the samples was assessed by measuring the optical density of the supernatant at 532 nm.
Statistical analysis
Data obtained in this study were subjected to analysis of variance at α0.05 using the general linear model procedure of statistical analysis software. Means were separated with New Duncan's multiple range test of SAS (2011).
The statistical model is as follows:
where Y ijl represents the value of serum biochemical parameters and oxidative status measured in the lth animal, μ is the overall mean for each character, B i is the fixed effect of the ith physiological stages (i.e., dry does, gravid does in the first trimester, gravid does in the second trimester, gravid does in the third trimester, and postpartum does), and e ijl is the random residual effect.
Results
Serum biochemistry of WAD does of different physiological stages (Table 1) revealed that all serum indices were significantly influenced by the physiological stages of the doe except triglyceride and low-density lipoprotein. Serum glucose of postpartum does and midgestation does was significantly (P < 0.05) higher than does in other physiological stages. Total protein of does increases statistically (P < 0.05) with the intensity of reproductive stages. The total protein of lactating does have the highest statistical values. Serum albumin of dry does and early gestation does were statistically (P > 0.05) similar and were significantly (P < 0.05) higher than mid-and late gestation does.
Serum cholesterol and high-density lipoprotein increased progressively with the stage of gestation, with dry does having statistically least values.
Lactating, mid-and late gestation does have significantly (P < 0.05) highest cholesterol and high-density lipoprotein values. Aspartate aminotransferase (AST) levels in does increases as gestation progress; dry does have the least values, while lactation does and late gestation does have the highest values. Alkaline phosphatase and urea are significantly (P < 0.05) highest in dry does compared to does in gestation and lactation which have statistically similar values. Serum creatinine increases as gestation progress and peaks in lactating does. Serum creatinine of dry does and does at first trimester are statistically (P > 0.05) similar and least across the different reproductive stages.
Serum oxidative status of WAD does at different physiological stages is shown in Table 2 . Total antioxidant activities of dry does are statistically (P > 0.05) similar to early and mid-gestation does, while late gestation does and postpartum does have significantly (P > 0.05) least total antioxidant activities across the physiological stages. Serum lipid peroxidation of does increases with stages of pregnancy and significantly (P < 0.05) peaks in late prepartum and postpartum does. Superoxide dismutase activity of early gestation does is significantly (P > 0.05) higher than other physiological stages, which have statistically similar values. Glutathione peroxidase activity and catalase of early gestation does and dry does are significantly (P < 0.05) higher than other physiological stages. The activity of glutathione peroxidase and catalase decreases as gestation progress, and significantly (P < 0.05) least values are obtained in postpartum does.
Discussion
The physiological stage-dependent increase in glucose could be due to the considerable glucose requirements for nutrition in pregnant animals (Parr et al. 1984) evidently at postpartum for lactogenesis. Evidence of low glucose concentration at third trimester is linked with cases of pregnancy toxaemia observed in does (Al-Qudah 2011). Steel and Leng (1973) observed that irreversible loss of glucose increased progressively with the stage of gestation in sheep fed to appetite and maintained on a constant intake throughout pregnancy (Waziri et al. 2010) .
A similar trend that serum glucose concentration was higher in early lactation compared to late pregnancy in WAD goats was reported by Radin et al. (2015) for Saanen goats. Protein is an essential component of cells, and during gestation, the protein is required for fetal growth and maintenance of the dam; this accounts for the increase in serum total protein as gestational age. Due to lactation requirements, udder uses a large amount of protein for milk production during lactation (Quiroz-Rocha et al., 2009 ); this explains the increased total protein levels in WAD does postpartum. Albumin is non-enzymatic protein antioxidants that are primarily found in plasma, are mainly represented by sulfhydryl, and are considered a significant element of the extracellular antioxidant defense system against oxidative stress (Urban-Chmiel 2006) . This suggests that the animals at mid-to late gestation are exposed to oxidative stress. Plasma albumin levels are also decreased in dairy goats during summer and during the peripartum period in dairy goats which further indicates that goats were exposed to oxidative stress (Di Trana et al. 2006 ). This finding is quite relevant considering that albumin is part of the antioxidant pool, and it is a free radical scavenger (Halliwell 1988) . Studies in dairy cows have confirmed the antioxidant role played by albumin particularly near calving when animals usually do not receive any vitamin/mineral supplementation (Castillo et al. 2005) . Similarly, udder uses a large amount of protein for milk production during lactation (Quiroz-Rocha et al. 2009 ) which could explain the increased albumin levels of postpartum WAD does as obtained in this study and Radin et al. (2015) in Saanen goats. Serum cholesterol and high-density lipoprotein increased progressively with the stage of gestation, with dry does having statistically least values. Lactating, mid-, and late gestation does have significantly (P < 0.05) highest cholesterol and high-density lipoprotein values. This is similar to the report of Waziri et al. (2010) that cholesterol concentration of Sahel goats increased as pregnancy advanced up to 20 weeks. Tietz (1994) attributed the increase in cholesterol to the physiological alteration of endocrine function. The range of values obtained was comparable to other authors, Kamalu et al. (1988) in WAD goats and Waziri et al. (2010) in Sahel goats.
Aspartate aminotransferase (AST) levels in does increase as gestation progress; dry does have the least values while lactation does and late gestation does have the highest values. Serum creatinine increases as gestation progress and peaks in lactating does. Serum creatinine of dry does and does at first trimester are similar and least across the different reproductive stages. The range of values of urea, creatinine, AST, ALT, and alkaline phosphatase was in agreement with other authors Uwaeziozi et al. 2017) . This is an indication that during stages of pregnancy and postpartum, the kidneys (urea and creatinine) and the liver (AST and ALT) were not clinically affected.
The antioxidant defense of does decreases as gestation progress up to lactation and was accompanied by increased generation of pro-oxidants, thus predispose the animals to oxidative stress. In dairy goats, SOD activity is decreased during the postpartum period probably as a consequence of lower peroxide generation as testified by the decrease in reactive oxygen molecule (ROM) concentrations (Celi 2010) . Because SOD activity increases H 2 O 2 production, protection from reactive oxygen would only be given by a simultaneous increase in catalase and GPx activities and availability of glutathione (Celi 2011a ) and vice-versa. This is in accordance with the result of this study, as a decrease in SOD is accompanied by a resultant decline in glutathione peroxidase and catalase activities as the does approach parturition and lactation. Similarly, studies in dairy goats have shown that blood GPx activity is decreased during the postpartum period, suggesting that goats may have experienced some degree of oxidative stress (Celi et al. 2008) . Similarly, Pilarczyk et al. (2012) reported that serum GPx activity varied according to the physiological status of cow. However, contrary to the report of Pilarczyk et al. (2012) that plasma GPx activity in prepartum (dry) cows was lower than that observed during the first month postpartum, the reverse is the case.
The observed decline in antioxidant enzyme activity from mid-gestation to lactation could be due to depletion of the antioxidants and/or mobilization for more physiological demand such as immunity. As suggested by Castillo et al. (2005) that the observed decrease in antioxidant enzymes' activity as lactation progressed probably happened due to the depletion of antioxidants by milk. However, studies in dairy cows have confirmed the antioxidant role played by albumin particularly near calving when animals usually do not receive any vitamin/mineral supplementation (Castillo et al. 2005 ). The albumin activity increased apparently from the midgestation through to lactation. A sharp significant decline in the albumin activity occurs at mid-gestation compared with early gestation and dry does. That could counteract the adverse effect of the accumulated low antioxidant enzyme defense as parturition and lactation approach. The result revealed that total antioxidant defense is higher at early and mid-gestation and dry does, through low lipid peroxidation and high antioxidant production. Both reactive oxygen species and antioxidants have major physiological roles in all reproductive processes. This is similar to Karapehlivan et al. (2012) that antioxidant potential reduced and oxidative stress increased in early lactation goats. And the depletion of critical antioxidant defense components in tissues may predispose to metabolic changes which originated from oxidative stress. As the peak of the reproductive process is experienced at late prepartum and postpartum, the generation of reactive oxygen species increases with the physiological demand for the sustenance of fetus/kid and milk production. During the peripartum period, due to characteristics, metabolic changes, reactive oxygen, and nitrogen metabolites are produced in excess (Celi 2011b) . At late prepartum/parturition, early lactation is the period of considerable energy deficit and severe metabolic changes, especially in terms of lipid and protein metabolism. Van Saum et al. (1989) report that in the body of the late prepartum female, the uterus is given priority to other organs in the distribution of some substances, according to the homeorhesis principle. The increase in metabolism is paralleled by the modification of energy balance and increased oxygen consumption, and thus increased ROS production, largely due to the fact that most tissues use fatty acids liberated from depot fat as the primary source of energy (Adela et al. 2006) . The physiological stress associated with rapid differentiation of secretory parenchyma, intense mammary gland growth, and the onset of colostrum and milk biosynthesis and secretion also are not without significance (Sharma et al. 2011) . It is thought that the increased metabolic rate after parturition may be responsible for the increase in respiratory electron transfer and production of reactive oxygen metabolites. When production of oxidants is faster than they can be neutralized by antioxidants, it may result in oxidative stress (Jimoh 2016) . This is supported by claims that lipid peroxidation associated with oxidative stress is involved in the development and complications of pregnancy toxemia in ewes and cows (Al-Qudah 2011). The correlation of the antioxidant activity with progesterone levels indicates that antioxidative mechanisms are activated to cope with steroidogenesis-dependent oxyradical formation in the bovine corpus luteum (Rapaport et al. 1998 ). This corroborates claims that antioxidant defense in the female reproductive tract may have some regulatory role in fertility (Jean-François and Marc-André 2001).
Due to the climatic condition of the region, other factors and stressors can aggravate the events that lead to oxidative stress. Heat stress which is prevalent in tropics and seasonal factors (Di Trana et al., 2006) induces systemic changes in redox status in the maternal body, and the resultant increase in oxidative stress in the oviduct is possibly involved in the heat stress-induced early embryonic death (Matsuzuka et al. 2005) .
The dietary and tissue balance of antioxidant nutrients is important in protecting tissues against free radical accumulation and damage. Vitamins and trace minerals have dual effects such as control of metabolic pathways or gene expression and ROS trapping activity. Their deficiency may induce high rates of ROS production resulting in different disorders of gestation (Aurousseau et al. 2006) , and lead to different kinds of stress (McDowell et al., 2007) . Vitamin E-selenium injections given before mating significantly increased the incidence of oestrus response, fecundity rates, and lamb body weight at 60 days of age in ewes (Koyuncu and Yerlikaya 2007) . The antioxidant function enhances immunity by maintaining the structural and functional integrity of the important immune cells; elsewise, compromised immune system will result in reduced animal production efficiency through increased susceptibility to diseases, thereby leading to increased animal morbidity and mortality (McDowell 2002) . Recently, the detection of free radical damage and the protection against it have become very important in animal production/reproduction; this is because the level of lipid peroxidation and antioxidant status give complementary information about the metabolic status of the animal rather than metabolic parameters alone (Castillo et al. 2003) .
This study gives reference values for both oxidants and antioxidants in West African dwarf goats at different physiological stages, as well as the level of oxidative stress. It is essential that while focusing on the nutritional components for improving production/reproduction, the antioxidant status of the ruminants must be maintained at the proper times (during growth, pregnancy, deficiency, or under stress), in addition to energy, protein, and mineral balance to optimize the ruminant production/reproduction (Nayyar and Jindal 2010) . This suggests that evaluation of the oxidative stress, i.e., lipid peroxidation level and total antioxidant activity (enzymatic and non-enzymatic), is necessary for addition to the metabolic profile while conducting physiological, biochemical, and nutritional studies in ruminants. Further studies should focus on the effect of antioxidant supplements of does at late gestation and postpartum on oxidative stability of reproductive tissues and organs as well as fetus up to kid.
Conclusion
This study has revealed that West African dwarf does in third trimester and lactation displayed oxidative stress due to intense metabolism during the physiological states. This is revealed by the metabolic profile and oxidative status of the does assessed. It is recommended that antioxidant fortification/supplementation should be employed during late gestation and lactation as management practice to combat the oxidative stress observed in West African dwarf goats.
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